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Studies of the Shape of Growing Tumors
Shiva Rudraraju1, Kristen L. Mills2, Ralf Kemkemer2, Krishna Garikipati1.
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Intelligent Systems, Stuttgart, Germany.
We consider the biological, chemical and mechanical factors that dictate the
shapes of growing tumor spheroids. In our pulished experiments MB-MDA-
231 tumors growing in agarose gel cultures demonstrate a very strong tendency
to break symmetry and grow into ellipsoidal shapes. We investigate this
symmetry-breaking for the clues that it may yield on the interaction of biolog-
ical, chemical and mechanical conditions that control tumor growth. We use
confocal microscopy to monitor the tumor shapes, and histology to record
the internal distribution of live and dead cells. Additionally, we impose me-
chanical interventions by controlling the agarose gel stiffness and imposing ex-
ternal tractions on the growing tumors. These studies suggest the following
alternatives for tumor shape symmetry breaking: (a) The rise of a population
of cancer stem cells, distinct from the non-stem cells, which proliferate faster
and out-compete the latter for glucose and oxygen. (b) Lower rates of stress-
induced cell death along micrscopic planes of greater mechanical compliance
in the agarose gel. (c) Stress-driven cell migration to positions of lower stress
along the tumor surface. We explore these scenarios with a multi-physics con-
tinuum model that treats cell proliferation, death and migration, glucose and
oxygen transport and consumption, and nonlinear mechanics of the growing tu-
mor. On the basis of our own experiments as well as others in the literature, we
include interaction source and sink terms that introduce complex, nonlinear
coupling between these phenomena. We find that the interfacial tension of
the tumor-gel interface plays an important role in all the above scenarios.
The numerical issues that arise in carrying out large scale computations are dis-
cussed. This work is set in the context of our published work on a broader effort
to delineate the free energy changes that accompany the growth of a cancerous
tumor.
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Single Particle Tracking (SPT) over extended time periods is often performed
using quantum dots (QDs); however, the fluorescence intermittency of QDs
means that particles may not be observed for some period of time during the
acquisition. This blinking complicates the construction of trajectories from
the found positions. One elegant method for constructing trajectories from co-
ordinates is to implement a ‘Cost Matrix’, whose elements contain costs for
‘birth’, ‘death’, and ‘linking’ of trajectories [1]. The optimization is framed
as a linear assignment problem, which is solved using existing numerical
methods. We advance this approach by making a statistically rigorous calcula-
tion of the cost matrix such that each element in the cost matrix is the negative
log-probability of the observation.We show how to include the effect of bound-
aries and how to include any additional information that can identify particles
(such as spectral features). We also show how to include various blinking
models such as for fluorescent probes that can be photo-activated, that blink
and that bleach. We show results from simulations as well as experimental
data from tracking QDs, dyes bound to fluorogen activating peptides, and
photo-activated probes.
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Recent molecular dynamics simulations and experimental observations have
shown that the dynamics of single-molecule protein can be described with
hopping among energy basins caused by backbone motions and side-chain re-
lated processes. We formalize the dynamic evolution by combining a stochas-
tic approach with a Lindblad equation. In our model, the open quantum
system is comprised of the active center and an environment relating to the
protein matrix. The effects of the protein matrix are separated into two cate-
gories: fast fluctuations with frequencies higher than the dynamics of the ac-tive center, and slow modulations that allow the active center to respond
adiabatically. We describe the response of the active center to the fast envi-
ronmental fluctuations with a memory kernel. The active center responds to
the slow modulations with a dynamical evolution on an energy landscape,
which can be properly described by a series of stochastic transition matrices.
We applied this method to analyze the photon emission from photoactivated
fluorescent protein KFP1 in viewing that the light emission behavior of KFP1
is highly sensitive to the hydrogen bonding between its chromophores and the
neighboring amino acid groups. We found the conformation fluctuation of
KFP1 can vary the hydrogen bonding, thus encodes the energy-landscape evo-
lution of the chromophore into the photon emission traces. By dynamically
adjusting the trapping strength and the number of traps locating between
two basins on the energy landscape, the conformation fluctuation can vary
the photon emission behavior of KFP1. The distribution of the trapping
strength exhibits two peaks with one near the thermal energy and the other
higher than the thermal energy by a factor of 1.8. Conformational changes
of AK1 undergo mutual adjustment process responded to thermal-driven
modulation.
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Dynamic clamp or conductance injection is an electrophysiological method
that uses a real-time interface between living cells and a computer to simulate
conductance changes in the membrane. To date, the numerical integration
methods used for this purpose have been explicit. These methods have an up-
per bound for the length of the step size when the method becomes numerically
unstable. This becomes a practical problem particularly when injecting fast
voltage-dependent conductances. Here, we improve the numerical integration
of the equations underlying such conductances by implementing an implicit
method (Iserles & Norsett, IMA J. Num. Anal. 10:463, 1990), suited for stiff
equations. Specifically, this is an A- and L-stable diagonal implicit Runge-
Kutta method, which can exploit information about the membrane potential
sampled at subintervals of the current update period, which we demonstrate
can greatly improve the accuracy and stability of the injected conductance.
Furthermore, the integration method let us implement real-time error
monitoring.
We have built our implementation of this on the QNX microkernel real-time
operating system, widely used for high-speed mission-critical real-time appli-
cations in industry. Its flexibility and reliability in timing, interrupt control
and processor scheduling in multiprocessor systems, and its microkernel ar-
chitecture (which frees up more CPU time than other comparable systems for
running the model), make it an ideal platform for more complex integration
methods such as the one we describe. The here offered prospect of an im-
proved accuracy and stability of the conductance injection technique, opens
up for analyzing membranes with faster channels than was previously
possible.
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Single-molecule Forster Resonance Energy Transfer (smFRET) experiments
provide time-series data offering insight into biomolecular structure and dy-
namics. Extracting insight and dissecting mechanism, however, are not trivial,
particularly when smFRET is extended to complex systems involving multiple
molecular components or FRET pairs. Hidden Markov models (HMMs) pro-
vide a powerful and extendable framework to address molecular function
and structure. Here, we demonstrate an extension of HMM-based inference
called ’Regime-Changing HMM’ exploiting alternating laser excitation
(ALEx) spectroscopy, and we test its limitations using simulated data and pre-
viously reported switchable FRET data involving complex stoichiometries. We
further compare regime-changing HMM to previously described statistical
596a Tuesday, February 28, 2012analysis methods and demonstrate the method’s superiority in inferring correct
HMM topology and kinetic parameters. We then apply the method to DNA
polymerase binding and replication to identify binding of multiple polymerases
to a DNA overhang construct and to extract binding, dissociation, and poly-
merization kinetics. The presented statistical algorithm provides objective
quantification of single-molecule trajectories and successfully identifies, seg-
ments, and analyses photophysical, dynamical, and stoichiometric ‘regimes’
within these trajectories. Our work illuminates important mechanisms in
DNA replication and paves the way for experimental extension to studies of
large complexes and molecular machines and to the field of single-molecule
enzymology.3030-Pos Board B800
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Scott M. Bugenhagen, Daniel A. Beard.
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Biochemical reactions may be viewed as discrete event processes characterized
by a finite number of states and transitions. These processes may be modeled as
finite state transition systems where state transitions represent individual reac-
tion events. The time-evolution of the state occupancy probabilities of such sys-
tems is described by the master equation. Since these systems often involve
a large number of interactions, it can be difficult to construct the master equa-
tion for a model describing a system, and since the resulting models can involve
a huge number of states, solving the associated master equation can be difficult
or impossible. Here, we describe a method for the specification, construction,
and reduction of finite state transition system models of biochemical processes
using the symmetry and invariant manifold reduction techniques. The method
allows a user to specify transition rules using an intuitive graphical representa-
tion, and to automatically construct the transition matrix of a differential equa-
tion characterizing exactly the dynamics of a model, with a potentially
significant reduction in dimension when compared to the full master equation
of the model. The application of the method to a biological process is illustrated
by models describing a hypothetical ion-channel at several levels of
complexity.3031-Pos Board B801
Reported Cellphone Effects on Brain Energetically Consistent with
Electrostriction
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Cellphone exposure reportedly alters brain EEG [1], blood flow [2] metabo-
lism [3], and blood-brain barrier [4]. Others claim slight heating is the only
plausible effect. We find deformation of soft tissue by electrostriction forces
energetically possible. We consider a simple model of two hemispheres of
fatty brain immersed in an aqueous fluid of higher dielectric constant. The po-
lar fluid is attracted to regions of stronger electric field at the skull surface.
The pressure pushing the hemispheres together could be transduced by pres-
sure sensors between the hemispheres; cycling of the pressure might also
cause damage akin to mechanical fatigue. Such forces are small but normally
vanish due to neutral buoyancy. Assuming very soft tissue (rat brains soften
with age) and published tissue permittivities, we find the energy difference
DU = (ε1
1 - ε2
1 ) S V / 2c from displacing a volume V of 1 cc of fluid by
a nearby cell tower or wi-fi computer causing incident power density S of
one mW/m2 creates deformation that slightly exceeds thermal noise. Data
modulations cannot be transduced by the slow-moving fluid, but pulse modu-
lations (used to reduce mobile devices’ duty cycles) can. Blood also has
a higher dielectric constant than brain, so there would be a force on the blood
brain barrier.
Sharp et al. [5] similarly invoked photon pressure as the basis for micro-
wave hearing [6]. Lower frequency fields are better shielded by the skin,
but the effect might explain headache from a pulsed low-frequency electric
field [7].
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Global sensitivity analysis is critical in understanding the role of ionic currents
variability in modulating cellular electrophysiological properties of ventricular
myocytes as well as in assessing the cardiac single cell arrhythmic risk bio-
markers. This work involves a systematic investigation into the sensitivity of
various preclinical cellular biomarkers of arrhythmic risk to changes in ionic
current conductances and kinetics. We compare local and global sensitivity
analysis approaches. The nonlinearity of the system is confirmed to play an im-
portant role when considering the effect of parameters on markers that involve
information from different frequencies. In the case of such biomarkers as ac-
tion potential duration (APD), maxima Cai and Nai concentrations, we find
no significant changes in the overall order of the parameters’ significance be-
tween local and global sensitivity studies. However, even for these single fre-
quency markers we are able to give a more precise relative contribution of each
parameter. Importantly, in the case of maximum S1-S2 slope marker, which
integrates the information across a spectrum of frequencies of electrical stim-
uli, we find significant changes in the order of parameters as compared to the
previously used methods for studying the sensitivity of cellular biomarkers.
Moreover, the models consistently identify the L-type Calcium current
(ICaL) as one of the dominant currents affecting the plateau of the action po-
tential. Furthermore, in consistence with experimental data, the simulation re-
sults show that variation in conductances and kinetics of other channels does
not affect the significance of ICaL’s contribution. We demonstrate the critical
role of global (vs local) sensitivity analysis in providing insights into the sen-
sitivity of preclinical biomarkers, and hence mechanisms of repolarization and
their rate dependence.3033-Pos Board B803
Low Temperature Matrix Isolation IR-Spectroscopy and Quantum
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In this study we have focused on conformational structure of the b-alanine
molecule isolated in low-temperature argon matrices. The main purpose
was to determine the set of the b-alanine conformers, which can occur in
the matrices. Matrix isolation FTIR-spectroscopy was combined with quan-
tum chemical calculations performed by the MP2 and DFT(B3LYP) methods
using the aug-cc-pVDZ and aug-cc-pVTZ basis sets. Gibbs free energies of
the b-alanine conformers also were calculated at the CCSD(T)/CBS level
of theory.
Totally 21 b-alanine conformers were found at the MP2/aug-cc-pVDZ level of
theory. But 10 of them are separated from lower energy conformers by low en-
ergy barriers and they can not present in the matrixes. High-resolution FTIR
spectra were registered for the samples immediately after deposition as well
as for the samples which were UV irradiated or annealed to 25K. Both the
UV irradiation and the matrix annealing result in redistribution of the band in-
tensities in the FTIR spectra. It allows us to distinguish spectral bands of
different b-alanine conformers. Assignment of the spectral bands was per-
formed based on calculated vibrational spectra of the b-alanine conformers.
As a result we detected presence of 4 b-alanine conformers in the Ar matrices.
Further data about b-alanine conformational structure can be used in molecular
dynamics simulations and also they can be useful for searching of b-alanine in
the interstellar space.
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For drugs with intracellular targets the process of permeation through the
membrane is of fundamental importance (A. Malkia, et al., Euro J of Pharm
